I . The effect of dietary protein level and supplementation with thyroxine and thiouracil on depletion of liver stores of vitamin A, on the percentage of liver vitamin A in the alcohol form and on the plasma level of vitamin A and protein has been studied in chicks. In an experiment with cockerels the relation was investigated between the vitamin A level of plasma and the electrophoretic pattern of its proteins. 2. Liver vitamin A depletion was considerably reduced by lowering the dietary protein level. 3. Protein malnutrition lowered the percentage of vitamin A found in the liver in the alcohol form. 4. Depletion of vitamin A from the liver was related to the percentage of vitamin A in the alcohol form. 5 . Thyroxine increased both vitamin A depletion from the liver and the percentage of vitamin A in the alcohol form, whereas thiouracil had the opposite effect. 6. Plasma vitamin A, and plasma protein contents were significantly lowered in cockerels receiving a 5 % protein diet. The drop in plasma protein level was essentially caused by a reduction of the albumin fraction. No significant change in the levels of globulins was observed even after a +week period of protein malnutrition. 7. When the dietary protein level was restored to normal both the albumin and vitamin A levels in plasma increased. showed that vitamin A storage is increased in thyroxine-fed chicks, the effect being dependent on both the thyroxine and vitamin A level in the diet.
The interrelationship between dietary protein level and vitamin A metabolism has attracted the attention of nutritionists for quite a number of years. Already some 25 years ago Basu & De (1941) and Baumann, Foster & Moore (1942) found in rats that with a low level of dietary protein vitamin A storage in liver was reduced, but Dye, Bateman & Porter (1945) found that the level of dietary protein had only little effect on the utilization of vitamin A by rats.
In more recent work, also on rats, Rechcigl, Berger, Loosli & Williams (1962) and Deshmukh, Malathi & Ganguly (1964) demonstrated that low dietary protein retards liver depletion in rats. Moore, Sharman & Ward (1952) observed that a liberal allowance of vitamin A increased the resistance of animals to severe deficiency of protein. Esh & Bhattacharya (1961) found that body-weight gain increased gradually with increasing vitamin A intake when a suboptimal level of dietary protein or an imbalanced dietary protein was given. This suggests that vitamin A is helpful in improving protein utilization. Deuel, Hrubetz, Johnston, Rollman & Geiger (1946) , Fraps (1946) , and James & Elgindi (1953) also observed a relationship between protein level in the diet and vitamin A metabolism.
It has been suggested that a specific protein carrier is related to vitamin A transport in blood (Ganguly, Krinsky, Mehl & Deuel, 1952; Krinsky, Cornwell & Oncley, 1958) . In more recent work it has been shown that children with kwashiorkor failed to absorb vitamin A (Arroyave, Wilson, MCndez, BChar & Scrimshaw, 1961 ; Arroyave, Wilson, Contreras & BChar, 1963) .
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The blood proteins transporting vitamin A ester and alcohol may behave in the electrophoretic field in the same way as the albumin (Bagchi, Halder & Chowdhury, 1959) . When normal adult rats are maintained on low levels of protein a fall occurs in plasma vitamin A level concomitant with a decrease in albumin level. Protein repletion raises both albumin and vitamin A level in plasma. A similar effect was found in pigs (Friend, Heard, Platt, Stewart & Turner, 1961) .
Reports in the literature on the influence of the thyroid on the utilization of vitamin A and carotene are most contradictory. Johnson & Baumann (1947) found that after ingestion of carotene liver storage of vitamin A is depressed in hypothyroidism and increased in hyperthyroidism. When preformed vitamin A was used the influence of the thyroid was not evident. Similar findings were reported by Chanda, Clapham, McNaught & Owen (1952) with cows and goats, and by Cama & Goodwin (1949) with rats. On the other hand, Arnrich & Morgan (1954) and Wiese, Mehl & Deuel(1948) reported that carotene and vitamin A are equally well utilized by normal and hypothyroidic rats. Arnrich & Morgan (1954) explained the differences in storage of vitamin A by normal and hypothyroidic rats as due to reduction in growth of the latter. Previous work in this laboratory (Ascarelli, Budowski, Nir & Bondi, 1964) showed that vitamin A storage is increased in thyroxine-fed chicks, the effect being dependent on both the thyroxine and vitamin A level in the diet.
The influence of the thyroid on protein metabolism may partly explain the effect of the thyroid hormones on carotene and vitamin A utilization. Babaev (1963) pointed out that an increase of a-glycoproteins with concurrent decrease of /3-glycoproteins in the blood serum was observed in rats with thyrotoxicosis provoked by thyroxine. In rats with hypothyrosis increase in a-and /3-glycoproteins was observed.
Experiments on the incorporation of ~~-[~~C ] l e u c i n e and DL-[14C]valine into the protein of cell-free rat liver homogenate demonstrated that some of the apparently conflicting actions of thyroxine on protein synthesis are due to a biphasic effect, i.e. depend on the amount of thyroxine given to the animals during the pretreatment period or on the amount added to the medium in experiments in vitro (Sokoloff & Kaufman, 1959 Sokoloff, Kaufman, Campbell, Francis & Gelboin, In the work now presented we have tested the effect of dietary protein on the depletion of liver vitamin A in the chick. By adding thyroactive agents to diets of different protein content we have also tried to find whether the changes in vitamin A metabolism caused by the dietary treatments could be explained by the thyroidprotein interrelationship.
).
E X P E R I M E N T A L
Animals and diets All chicks were cross-bred New Hampshire x White Leghorn. They were kept in thermostatically controlled electrically heated batteries equipped with raised wire-mesh floors. The experimental feeding period was preceded by a depletion period of 2 weeks (unless otherwise stated) during which a commercial diet, almost Vol. 20 Liver vitamin A, dietary protein and thyroxine 43
The mean amount of vitamin A after depletion was 10-30 i.u./liver. The compositions of the experimental diets used are given in Table I .
Vitamin A was given by mouth as water-dispersible vitamin A palmitate (Chas Pfizer & Co. Inc., New York) in a single dose. In order not to affect the absorption of the vitamin, the giving of the depletion diet was continued for 24 h after dosing. After that period the experimental diets were offered. In the diets of the thyroxinetreated groups a I yo premix of L-thyroxine in lactose was included in an amount to supply 5 ,ug thyroxine/g diet. In all the experiments the birds were group-fed.
All chicks were killed by bleeding by heart puncture. Expt 3. This was a 2 x 3 factorial experiment in which two levels of protein (25 % and 12-5 %) were used either without any supplement or supplemented by thyroxine or thiouracil. Equalization of food consumption was achieved by pair-feeding the groups on the 25 % protein level with the control group on the 12-5 % protein level. The groups receiving the 12.5 % protein level and treated with thyroxine or thiouracil:
were fed ad lib. as their food consumption was even lower than that of their control groups. Each treatment was given to a group of twenty chicks and their mean initial liver store of vitamin A was 1373 i.u.
Expt 4. Chicks depleted of their vitamin A stores during 2 weeks were maintained on the basal diet supplemented with 75 i.u. vitamin A/IOO g diet up to the age of 8 weeks. (In an earlier experiment it was found (unpublished results) that under these conditions normal growth was achieved but no vitamin A was stored in the liver.) The mean weight of the cockerels was then 950 g. They were given a single dose of 10000 i.u. vitamin A palmitate by mouth. Their mean initial liver store of vitamin A was 6487 i.u. Chicks on treatments I and 3 received 22 yo and 5 yo protein in their diet respectively during the experimental period. Those on treatment 2 received 5 yo during the first 2 weeks and 22 % during the 2 following weeks. Electrophoresis of blood plasma was carried out. It was therefore possible to study the effects of a very low level of dietary protein and of giving protein-depleted animals a diet with a normal protein level, on both the plasma protein picture and the plasma vitamin A level.
Analytical methods Total liver vitamin A ester was measured by the procedure of Ames, Risley & Harris (1954) . When liver vitamin A ester and alcohol were to be determined a portion of the diethyl ether extract obtained by this method was evaporated, taken up in light petroleum and chromatographed through an alumina column by the method described by Thompson, Ganguly & Kon (1949) .
Plasma or serum vitamin A was determined by extraction with light petroleum (boiling range 30-4oo) after denaturation of the proteins by the addition of an equal volume of ethanol. After a short centrifugation a portion of the extract was transferred to a small (+ in) test tube, evaporated under reduced pressure and dissolved in I mi chloroform. T h e amount of vitamin A was then determined by the Carr-Price reaction in a total volume of 3 ml. Readings were taken in a Bausch & Lomb Spectronic 20 colorimeter.
Total protein in plasma was determined by the biuret method as described by Gornall, Bardawill & David (1949) . Plasma protein fractions were separated by paper electrophoresis in a horizontal chamber according to Grassman & Hannig (Grassman, 1956 ) with a Michaelis buffer, p H 8.6. T h e strips were then dried, dyed with a saturated amido black solution in methanol: glacial acetic acid :water, 45 : 45 : 10, washed with the same solvent mixture, and the intensity of the adsorbed dye was determined in a Photovolt densitometer 52-C.
The results of each experiment were subjected to analysis of variance. Significance among the different groups was tested by the Studentized range q test (Federer, 1955) .
VOl. 20 this experiment the difference in vitamin A mobilization can be explained on the basis of growth (and maintenance) requirements, but the reduction in mobilization may also be explained, as the following experiments show, by the state of protein deficiency. Table 3 Depletion time Tables 3 and 4 confirm that vitamin A mobilization from the liver increases with the level of dietary protein, but the tendency was not as clearcut as in the previous experiment: in the thyroxine-treated group, the diet with 5 % protein caused less mobilization than the protein-free diet, after both I and 2 weeks of treatment; on the other hand, the control group given the protein-free diet retained a low amount of vitamin in the liver. These anomalies are probably due in part to the small size of the groups which had to be used in the experiment.
The percentage of vitamin A present in the liver in the alcohol form tended to increase with the level of protein (Table 4 ).
There was no significant effect of thyroxine on the percentage of vitamin A present in the liver in the alcohol form, or on the mobilization of the vitamin from the liver. As expected, the plasma protein content decreased concomitantly with the reduction in dietary protein. Thyroxine also lowered the level of the plasma protein, and its effect was superimposed on that caused by the reduction of dietary protein: its effect was more marked at the lower protein levels, causing a reduction of 32 and 36% at the o and 5 o/o protein levels respectively, whereas at the two higher levels the reduction was only of 8 and 10% after 2 weeks.
Expt 3. The results are shown in Tables 5 and 6 . Liver vitamin A was depleted at a faster rate on the high protein intake. Thiouracil decreased vitamin A removal from the livers at both the high and low protein levels. The group given the thiouracil supplement and the 25 yo protein level gained 8 g more in weight and lost 88 i.u.
vitamin A less than its control group. At the low protein level, the thiouracil-fed group made the same gain while using 58 i.u. vitamin A less than its control group. These differences, even if not statistically significant, hint that this drug must have lowered the maintenance requirement for vitamin A. Thyroxine too caused a decrease in liver depletion, but in this instance inhibition of growth might explain it. When the weight gains were similar (as in the thyroxine-treated group given the high-protein diet and in the unsupplemented and thiouracil-treated groups given the low-protein diets), removal of vitamin A from the liver was greater in the thyroxine-fed group. Though it is recognized that part of this effect may have been due to the higher protein level, it seems that the hyperthyroid condition helped to increase vitamin A removal from the liver.
Low dietary protein content and thiouracil reduced the percentage of vitamin A in the alcohol form in the liver, whereas thyroxine increased it.
The ratio of vitamin A depletion from the liver to weight gain (i.u./g) may be essentially a reflection of growth rate. However, by comparing the values obtained some useful deductions can be made, namely that thyroxine increases and thiouracil decreases vitamin A removal from the liver. This ratio is correlated with the per-
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centage of vitamin A alcohol in the liver. Fig. I shows the two rectilinear relationships obtained with the different protein levels when the mean ratios for the treatments are plotted against the percentage of vitamin A alcohol in the liver. From these relationships it can also be seen that the low dietary protein level increased the gross vitamin A requirement for growth. Thyroxine increased and thiouracil decreased this requirement at both levels of dietary protein. 4 Statistically different at the 5 % level from the value for the group without supplement or from the value for the group on the low-protein diet. Plasma vitamin A was affected neither by dietary protein level nor by thiouracil supplementation. Thyroxine caused a very marked rise (36%) at the low protein level, but it had no effect at the 25 yo level.
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The level of dietary protein was reflected by the level of plasma protein. Thyroxine treatment lowered plasma protein content, but thiouracil had no appreciable effect. The haematocrit value was lowered by the low dietary protein level. Thiouracil increased the haematocrit value at both dietary protein levels, whereas thyroxine had no effect on it. Table 7 . The plasma albumin and vitamin A contents were lowered by the low-protein diet during 2 weeks. The vitamin A level in plasma was related to the albumin level ( Fig. 2 4 . Repletion with protein during 2 weeks raised plasma vitamin A and albumin to the control level. The downward trend of plasma vitamin A in the control group (Table 7) may be explained by the . . . No significant differences were caused by the low-protein diet either in the total globulins or in the different globulin fractions. Vitamin A level in liver after 4 weeks' depletion was highest in the low-protein group. The high ratio of liver vitamin A content to plasma vitamin A content in the protein-depleted chicks (5 % dietary protein level) emphasizes the low capacity of their blood to take up vitamin A from the liver. Plasma albumin content was found to be indirectly correlated with the amount of vitamin A left in the liver at the end of the experiment (Fig. 2B) and to the ratio of liver vitamin A content to plasma vitamin A content (Fig. 3) . These correlations show that the albumin fraction obtained by electrophoresis may be concerned in vitamin A mobilization from the liver and its transport in plasma. Here too, the level of plasma vitamin A was limited by the amount of carrying agent in the blood, and was not correlated with body reserves. In electrophoresis the plasma proteins transporting vitamin A ester and alcohol seem to behave in the same way as albumin, but other carrying agents, however, may be concerned. Vitamin A in blood has been said to be combined with different lipoproteins. Garbers, Gillman & Peisach (1960) found that vitamin A alcohol in plasma is associated with the globulin fraction. It may well be that, owing to our less sensitive eIectrophoretic method, the a,-globulin fraction was included in our 'albumin'. A moderately low level (12.5 yo) of dietary protein reduced the content of plasma protein but had no effect on vitamin A level in blood plasma. Supplementation with thyroxine of a diet containing an optimum level of dietary protein did not change the level of plasma vitamin A in spite of the lowered plasma protein level. When the diet contained a moderately low level of protein, supplementation with thyroxine caused a significant increase of plasma vitamin A in spite of plasma protein being lowered still further. From these observations it may be concluded that though lowering of plasma protein (or probably of its albumin fraction) hinders vitamin A mobilization from the liver, it is only one of the factors concerned in vitamin A utilization. A new aspect which appears from our findings is that the rate of liver depletion is closely related to the percentage of liver vitamin A found in the alcohol form: an increased percentage of vitamin A in the alcohol form in the livers of hyperthyroidic chicks was related to a greater depletion of vitamin A from their livers. Hypothyroidism caused by thiouracil lowered the percentage of vitamin A alcohol and reduced liver depletion. Deshmukh et al. (1964) showed that the activities of enzymes of the pancreas and intestinal mucosa hydrolysing and synthesizing vitamin A ester decreased progressively with the lowering of dietary protein level. They found the same trend also in the changes of the liver enzyme oxidizing retinene. Changes in the levels of these enzymes may possibly explain our finding that the percentage of vitamin A alcohol is considerably decreased by a lowering of the dietary protein level. The changes brought about by hyper-and hypo-thyroidism in the percentage of vitamin A alcohol in liver may also be due to changes in the levels of the same enzymes. Work to check this hypothesis is being carried out at present in this laboratory.
Protein malnutrition had no effect, during a I-month experimental period on plasma globulins determined by electrophoresis. This finding is in contrast with the state- 
